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Abstract.
Background: Depression is a common symptom in Parkinson’s disease (PD), resulting from underlying neuropathological
processes and psychological factors. However, the extent to which shared genetic risk factors contribute to the relationship
between depression and PD is poorly understood.
Objective: To examine the effects of common genetic variants influencing the etiology of PD and depression risk at the
genome-wide and local genomic regional level.
Methods: We comprehensively investigated the genetic relationship between PD and depression using genome-wide asso-
ciation studies data. First, we estimated the genetic correlation at the genome-wide level using linkage-disequilibrium score
regression, followed by local genetic correlation analysis using the GWAS-pairwise method and functional annotation to
identify genes that may jointly influence the risk for both traits. Also, we performed Latent Causal Variable, Latent Heritable
Confounder Mendelian Randomization, and traditional Mendelian Randomization analyses to investigate the potential causal
relationship.
Results: Although the genetic correlation between PD and depression was not statistically significant at the genome-wide
level, GWAS-pairwise analyses identified 16 genomic segments associated with PD and depression, implicating nine genes.
Further analyses revealed distinct patterns within individual genes, suggesting an intricate pattern. These genes involve various
biological processes, including neurotransmitter regulation, senescence, and nucleo-cytoplasmic transport mechanisms. We
did not observe genetic evidence of causality between PD and depression.
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Conclusions: Our findings did not support a genome-wide genetic correlation or a causal association between both conditions.
However, we identified genomic segments but identified genomic segments linked to distinct biological pathways influencing
their etiology. Further research is needed to understand their functional consequences.

Keywords: Parkinson’s disease, depression, genetics, genetic correlation, genome-wide association studies

INTRODUCTION

Parkinson’s disease (PD) is a common neurode-
generative disorder affecting 2–3% of the population
over 60 years old [1]. It is characterized by a range of
motor symptoms, such as bradykinesia, tremor, and
rigidity [2, 3], as well as non-motor symptoms [4],
such as loss of sense of smell, drooling, gastrointesti-
nal problems, and mood disorders, including anxiety
and depression [5].

Depression is among the most common non-motor
symptoms of PD, with a reported prevalence of 32.6
to 41% among individuals with PD [6–9]; however,
estimates vary greatly across studies due to differ-
ences in the technical definitions of depression and
assessment tools [10]. Depression is a mood dis-
order characterized by persistent low mood or loss
of interest, and symptoms include sleep disturbance,
significant weight change, and increased suicidality
[11, 12]. Furthermore, depression has been shown
to have a detrimental effect on the quality of life
of people with PD, worsening motor outcomes, hav-
ing a more negative perception of health status, and
reduced engagement in treatment [13, 14].

The high prevalence of depression among indi-
viduals with PD is likely due to a combination of
psychological factors and underlying neuropatholog-
ical processes. From a psychological perspective,
a diagnosis of PD can have an impact on patients
and their families, who may face significant lifestyle
adjustments to manage PD’s symptoms, potentially
leading to psychological distress and increasing risk
of depression [15, 16]. On the other hand, some of
the most prominent pathological alterations leading
to neurological manifestations of PD, such as the
degeneration of dopaminergic neurons in the sub-
stantia nigra and the accumulation of Lewy bodies,
especially in subcortical brain regions, have also been
associated, to a lesser extent, with depression [9, 17].
Similarly, the loss of adrenergic and serotonergic neu-
rons may contribute to the development of depression
symptoms [18–20].

The etiology of both PD and depression has been
studied at the genetic level, with both disorders show-
ing a moderate heritability; estimates are 34% for

PD [21] and 38% for depression [22]. Furthermore,
genome-wide association studies (GWAS) have iden-
tified 90 and 178 genomic risk loci for PD [23]
and depression [24], respectively. Notably, a previ-
ous study suggested a shared familial susceptibility
to PD with depression [25].

Although PD and depression have been observed
as co-occurring disorders, there is a dearth of research
investigating the shared genetic factors that might
underlie their co-occurrence. In the present study, we
examine the shared genetic factors that influence the
etiology of PD and depression at the genome-wide
and regional genomic levels. In addition, we inves-
tigate potential causal genetic effects between these
conditions. This study aims to elucidate the genetic
relationship between PD and depression and high-
light specific segments of the genome that could be
of interest to follow-up in future molecular studies.

MATERIALS AND METHODS

GWAS summary statistics data for PD and
depression

We used summary statistics from a GWAS meta-
analysis for PD, which included data from several
sources, including the International Parkinson’s Dis-
ease Genomics Consortium (IPDGC), 23andMe,
Inc., and the UK Biobank. A fixed-effects meta-
analysis was performed using METAL [26]. The data
included a total sample size of 1,474,097 partici-
pants of European ancestry, of which approximately
37.7 K were cases, 18.6 K were UK Biobank proxy
cases (having a first-degree relative with PD), and
1,417,791 were controls.

More information about the GWAS meta-analysis
is available in the corresponding publication [23].
Summary-level data from the 23andMe cohort was
obtained through the corresponding application
procedure (https://research.23andme.com/dataset-
access/) and Institutional Data Transfer Agreement.
Additionally, we obtained a version of this sum-
mary statistics without 23andMe, Inc., and the UK
Biobank from corresponding authors [23].

https://research.23andme.com/dataset-access/
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For our analysis, the GWAS summary statistics
for depression were provided by the Psychiatric
Genomics Consortium (PGC). The summary statis-
tics were estimated through an inverse-variance
weighted meta-analysis of European ancestry
individuals from the UK Biobank, the PGC, and
23andMe. The total sample included 807,553 indi-
viduals (246,363 cases and 561,190 controls). Full
details of the GWAS are available in the correspond-
ing publication [27] and through the PGC website
(https://www.med.unc.edu/pgc/download-results/),
excluding the 23andMe sample. Additionally,
summary data for the 23andMe cohort was
obtained through the relevant application pro-
cess, following a Data Transfer Agreement
(https://research.23andme.com/dataset-access/).

Genome-wide and local genomic regional level
analyses

To measure the genetic correlation between PD
and depression at the whole-genome level, we
employed the Linkage-disequilibrium score regres-
sion method (LDSC), which is robust and can
account for potential sample overlap [28]. Addi-
tionally, we used the GWAS pairwise (GWAS-PW)
method [29] to further investigate the genetic overlap
between PD and depression by identifying specific
segments of the genome shared across these two
phenotypes.

The GWAS-PW method divides the genome into
approximately 1,703 independent genomic segments,
and for each segment, it estimates the posterior
probability of association (PPA) for four models.
These models include (i) the genomic segment is
uniquely associated with PD, (ii) the genomic seg-
ment is uniquely associated with depression, (iii) the
genomic segment is associated with both traits via the
same genetic variants, and (iv) the genomic segment
is associated with both phenotypes through different
genetic variants. In this study, we focused on genomic
segments for which model three (i.e., shared causal
genetic variants) had a PPA > 0.5 [30].

Functional annotation

We used the FUMA (Functional Mapping and
Annotation) [31] online platform, version 1.4.1, for
the entire genome to perform functional annota-
tion. We then filtered functional data for the specific
genomic segments identified through GWAS-PW. We
used Multi-marker Analysis of GenoMic Annota-

tion (MAGMA) [32] online platform version 1.3.7
to conduct gene-based tests and map protein-coding
genes to the genomic segments of interest. To correct
for multiple comparisons, we applied a Bonfer-
roni correction with a significance level of 0.05
divided by the total number of genes in shared
regions.

Comparison of SNP effect directions and
regional visualization

To explore the correlation between effect sizes
and directions derived from the initial GWAS sum-
mary statistics for PD and depression, we computed
the Pearson correlation coefficient, considering only
variants with a significance threshold of p < 0.05.
In addition, we generated beta-beta plots to provide
a visual representation of these associations. These
analyses were carried out specifically for the indi-
vidual genes mapped to protein-coding genes in the
genomic segments influencing the etiology of PD and
depression [33].

After performing functional annotation, we
observed that most genes associated with PD
and depression were located on chromosome
22. To investigate the genomic region further,
we created a regional plot employing the topr
tool version 1.1.8 [34]. LocusZoom [35] website
(https://my.locuszoom.org/) was utilized to generate
regional plots and investigate linkage disequilibrium
(LD) patterns between the most significant SNPs for
each GWAS in the region.

Latent causal variable

We performed Latent Causal Variable (LCV)
analysis to assess whether horizontal pleiotropy
or potential causal genetic effects (i.e., vertical
pleiotropy) [36] could drive the association between
PD and depression. Briefly, this method models a
latent variable L as a mediator of the genetic cor-
relation between the phenotypes under study, in this
case, PD and depression. Furthermore, by compar-
ing the correlation between each phenotype with the
latent variable, the LCV method estimates the genetic
causal proportion (GCP) parameter. The GCP repre-
sents the proportion of the genetic correlation likely
to be explained by vertical pleiotropy. Therefore, it
ranges from –1 to 1, where a GCP = 0 suggests the
absence of potential genetic causality.

In contrast, |GCP| = 1 suggests the full identifi-
cation of vertical pleiotropic effects supporting a

https://www.med.unc.edu/pgc/download-results/
https://research.23andme.com/dataset-access/
https://my.locuszoom.org/
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potential causal association. Some of the hallmarks
of the LCV method include being less susceptible to
bias by horizontal pleiotropic effects and being robust
to sample overlap [36–38]. Further details regarding
this method and how to interpret findings are available
elsewhere [36, 39, 40].

Latent heritable confounder mendelian
randomization

We performed Latent Heritable Confounder
Mendelian Randomization (LHC-MR) analyses to
assess bidirectional potential causal genetic effects
between PD and depression regardless of sample
overlap, given that the GWAS summary statistics
for both traits include samples from 23andMe and
the UK Biobank cohorts. Unlike traditional MR
methods, LHC-MR uses the full set of GWAS
summary statistics to investigate potential causal
associations between two complex traits, improv-
ing statistical power to estimate bi-directional causal
genetic effects, direct heritabilities, and confounder
effects while accounting for sample overlap. Notably,
LHC-MR can outperform several traditional MR
methods [41]. Full details for the LHC-MR method
are described elsewhere [41].

Sensitivity analyses

Mendelian randomization
Mendelian randomization (MR) is used to infer

causal genetic effects between an exposure and an
outcome phenotype [37, 42] based on three assump-
tions: genetic variants are only associated with the
outcome via exposure, not confounded, and robustly
associated with the exposure phenotype, independent
of the outcome [43, 44]. To ensure no sample overlap
between PD and Depression GWAS, we employed a
version of the PD GWAS without participants in the
23andMe and UK Biobank cohorts. Therefore, we
were only able to investigate potential causal genetic
effects using PD as the exposure and depression as
the outcome due to the low number of instrumental
variables available.

The study used a modified version of the PD
GWAS without participants from the 23andMe and
UK Biobank cohorts to avoid sample overlap between
PD and Depression GWAS. This allowed for the
investigation of potential causal genetic effects using
PD as the exposure and depression as the outcome
due to limited instrumental variables.

We conducted MR analyses using R-4.0.2 [45,
46] and three libraries: MR-Base, MRInstruments,
and TwoSampleMR. Specifically, we used five MR
methods to investigate potential causal genetic effects
between PD and depression. These methods included
inverse variance weighted (IVW), MR Egger (MR-
Egger), weighted median method, simple mode MR,
and the weighted mode method. The IVW method
estimates the magnitude of the potential causal
genetic effects as the average effect between the
instrumental variable and the outcome, divided by
the effect between the instrumental variable and the
exposure [47]. The MR-Egger method is used to
conduct a weighted linear regression in which the
intercept can vary freely, and the slope indicates
the potential causal genetic effect free from hori-
zontal pleiotropic effects [47, 48]. In addition, the
weighted median method estimates putative causal
genetic effects while adjusting for up to half of
the instrumental variables with horizontal pleiotropic
effects. The weighted mode method weights the num-
ber of instrumental variables in each cluster through
the inverse variance of the effect on the outcome
phenotype [47], and the simple mode MR clusters
instrumental variables based on similarity with the
putative causal effect estimates [47]. We also used the
MR-PRESSO (Mendelian Randomization Pleiotropy
RESidual Sum and Outlier) method to evaluate the
potential horizontal pleiotropic outlier SNPs between
PD and depression [49].

RESULTS

Genetic correlation and functional annotation

The genetic correlation between PD and depres-
sion was examined using LD score regression.
Whole-genome analysis did not reveal a signifi-
cant correlation between the two traits (rG = 0.03,
p = 0.26).

We conducted a pairwise GWAS analysis to inves-
tigate the relationship between PD and depression
at the local genetic level. We identified 16 genomic
segments associated with both phenotypes through
the same genetic variants (Supplementary Table 1).
We mapped these genomic regions to protein-coding
genes using MAGMA (Supplementary Table 2). The
results showed that nine genes were associated with
PD and depression (Table 1). These included RBMS1,
PCLO, ASXL3, EP300, L3MBTL2, CHADL, RAN-
GAP1, ZC3H7B, and TEF.
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Table 1
Genes in genomic segments identified via pairwise GWAS are associated with both Parkinson’s disease (PD) and depression

Chromosome Gene Biological relevance PD gene-based
test p

Depression
gene-based
test p

2 RBMS1 • Encodes a protein involved in DNA replication, gene
transcription, and cell apoptosis [68].

• It has been linked to cellular senescence and aging [69] and
implicated in neocortex development [68].

3.85E–06 1.60E–04

7 PCLO • Involved in disrupted presynaptic vesicle trafficking [70].
• Previously associated with depression [70].

6.39E–05 1.28E–12

18 ASXL3 • Involved in gene transcription via lipogenesis or inhibiting
histone deubiquitination [71].

• It is predominantly expressed in tissues such as the brain, spinal
cord, kidney, liver, and bone marrow [72].

• ASXL3 is a risk locus for PD [23].
• Differentially expressed in major depressive disorder [73].

9.21E–06 3.48E–05

22 EP300 • Histone acetyltransferase that regulates gene transcription
processes [74,75].

• Promising gene target for molecular docking in depression
therapy [76]

8.47E–07 8.35E–06

22 L3MBTL2 • Involved in disrupted dopamine metabolism [77].
• Potential important target for the study of PD biomarkers [77].
• Involved in the etiology, pathogenesis, and treatment of

depression [78].

8.42E–07 7.66E–05

22 CHADL • Modulation of chondrocyte differentiation and extracellular
matrix formation [79].

• Underlying genetic factor between depression and
osteoarthritis [80].

1.18E–06 4.49E–05

22 RANGAP1 • Dysfunction of nucleo-cytoplasmic transport mechanisms
[81,82], ultimately affecting dopaminergic neurons [65].

1.87E–07 1.09E–07

22 ZC3H7B • Predominantly known for being differentially expressed in
cerebral cortex tissue, specifically in individuals with
depression [73,83].

• Putatively involved in translation regulation [84].

2.25E–07 7.57E–07

22 TEF • Involved in the regulation of circadian rhythm [85].
• TEF Polymorphism is associated with sleep disturbances and

predicted deterioration in sleep quality in PD patients [86].

1.57E–05 2.19E–04

Heterogeneity in effects for selected SNPs and
regional visualization

We evaluated the correlation between effect sizes
and directions from the original GWAS analyses
by computing the Pearson correlation coefficient
for nominally significant SNPs within previously
identified gene loci and generating beta-beta plots
(Supplementary Figure 1). The SNPs showed a
weak correlation (r = 0.2, p < 0.001). However, dis-
tinct patterns emerged when examining SNPs located
within individual genes, such as positive correlations
in genes identified as RBMS1 (r = 0.4, p < 0.001),
PCLO (r = 0.4, p < 0.001), and ASXL3 (r = 0.99,
p < 0.001) and negative correlations for SNPs located
in genes in chromosome 22, EP300 (r = –0.9,
p < 0.001), L3MBTL2 (r = 0.89, p < 0.001), CHADL
(r = 0.91, p < 0.001), RANGAP1 (r = 0.45, p < 0.001),
ZC3H7B (r = 0.98, p < 0.001), and TEF (r = 0.91,
p < 0.001).

We used regional association plots to explore fur-
ther the genomic region on chromosome 22 that
harbored six of the nine genes within genomic seg-
ments associated with PD and depression (±500 kb).
The top associated SNPs in each GWAS dataset
(rs5751084 for PD and rs5995992 for depression)
were located within different LD blocks (Fig. 1, Sup-
plementary Figure 2). The regional plots that show
the LD structure of the segment (Supplementary Fig-
ure 2) suggest that there are two LD blocks in the
chr22 : 41452876-41829000 region, defined using a
criterion of r2 > 0.6. The LD r-squared between the
two top SNPs (rs5751084 and rs5995992) was 0.19 in
the CEU population and 0.20 in the GBR population
(according to LDlink: https://ldlink.nih.gov/).

Potential causal genetic effects

We performed LCV and LHC-MR analyses to
investigate possible causal genetic effects between

https://ldlink.nih.gov/
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Fig. 1. Regional plot for the chr22 : 41452876-41829000 region in GWAS summary statistics showing SNPs associated with Parkinson’s
disease (PD) in blue and depression in yellow. Top variants within the region for each dataset are annotated by their rs number, and vertical
gray dotted lines highlight their positions within the genes shown in the lower panel, which only includes protein-coding genes. The horizontal
red dashed line represents the common genome-wide significance threshold.

PD and depression. We did not observe evidence of
genetic causality between these phenotypes with the
LCV (GCP = 0, SE = 0.58, p = 0.89). Furthermore, the
examination of bidirectional causal effects with the
LHC-MR method did not provide evidence of poten-
tial causal genetic effects of PD on depression risk
(Beta = 0.16, SE = 0.10, p = 0.11) or of depression on
PD risk (Beta = 0.01, SE = 0.03, p = 0.70). The heri-
tability, confounder, and polygenicity estimates from
the HLC-MR method suggest that there is a genetic
contribution to PD and depression, and that external
(i.e., environmental) factors could also influence this
relationship (Supplementary Table 3).

Sensitivity analyses

Mendelian randomization
To investigate potential causal genetic effects

between PD and depression, we performed a
Generalized Summary-data-based Mendelian Ran-
domization analysis using GWAS summary statistics
for PD that excluded the UK Biobank and 23andMe

samples. We utilized several MR methods, includ-
ing MR Egger, weighted median, inverse variance
weighted, simple mode, and weighted mode, to exam-
ine the relationship between these two traits. We did
not find any evidence suggesting that genetic liability
to PD increases the likelihood of developing depres-
sion with any of the MR methods (Supplementary
Figure 3 and Supplementary Table 4). Additionally,
the instrumental variables used for the MR analy-
sis did not show significant heterogeneous outlier
SNPs (MR-PRESSO global test = 0.10), and the MR-
Egger intercept did not indicate horizontal pleiotropy
(Egger intercept = 0.0062, p = 0.37) (Supplementary
Tables 5–7). However, it is important to note that with
the MR Egger method, there is evidence of hetero-
geneity among the instrumental variables used, as
indicated by the Q statistics, suggesting variability
that could influence the MR estimates. This het-
erogeneity was not observed in the MR-PRESSO
method. Furthermore, our inspection of the funnel
plot symmetry did not reveal any evidence of unbal-
anced pleiotropy (Supplementary Figures 4 and 5).
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DISCUSSION

The present study used LDSC, GWAS-PW, LCV,
and MR approaches to explore the genetic overlap
between PD and depression. Although our findings
do not support a genome-wide genetic correlation
or causal genetic effects between both disorders at
the whole-genome level, we provide evidence for
genomic segments and molecular pathways that influ-
ence the etiology of both PD and depression.

Our findings represent a paradox due to the high
prevalence of depression among patients with PD
[50]. They could suggest that genetic factors may not
solely drive the epidemiological association between
PD and depression. Alternatively, there are several
possible explanations for our observations. First,
significant local positive and negative genetic correla-
tions in different genomic segments could cancel each
other and result in a non-significant correlation at the
whole-genome level. Second, the depression GWAS
used here is unlikely to be enriched for PD, and the
etiology of PD-related depression could differ from
other forms of depression. Lastly, individuals might
develop depression as a result of being diagnosed
with PD or neurotransmission abnormalities [18,
51–53], brain circuit disturbances [54, 55], and the
development of other non-motor symptoms related
to PD’s prodromal phase [56], such as REM sleep
behavior disorder, constipation and impairment of
daily activities. Prodromal PD is characterized by the
manifestation of non-motor symptoms years or even
decades before the onset of motor symptoms [57].
Finally, the association between PD and depression
could be partially explained by environmental factors.

Below, we discuss some of our findings at a local
genetic level after performing functional annotation
of genomic segments that influence depression and
PD, providing meaningful insights into the biologi-
cal pathways that could explain previous observations
at the phenotypic level. Although further research is
required to understand the co-occurrence between PD
and depression, our findings could explain the under-
lying molecular pathways specific to depression in
PD.

The relationship between PD and depression is
complex. Although the severity of depression in PD
appears to be greater than among patients living
with other chronic medical illnesses [58], there is
no consensus on whether PD-related depression sub-
stantially differs from major depressive disorder and
other forms of depression [59]. Nonetheless, studies
have suggested an increased risk of developing PD for

patients with a previous diagnosis of depression [50,
60]. This observation is supported by further reports
of a higher incidence rate of depressive symptoms
among PD patients, particularly during the prodro-
mal phase [60]. In addition, the onset of depressive
symptoms among individuals with PD is observed
between 2–10 [61] and up to 17 years [62] before PD
diagnosis or the manifestation of predominant motor
symptoms. Therefore, to understand the onset and
development of depressive symptoms in preclinical
PD, possible underlying mechanisms have been scru-
tinized, including alterations in the neural circuitry in
the basal ganglia and the lateral habenula [63].

In the present study, we identified nine genes asso-
ciated with the risk of developing PD and depression,
six located on chromosome 22. Our study revealed
that SNPs within genes located on chromosomes 2,
7, and 18 exhibited a consistently strong and statisti-
cally significant positive correlation in their effects.
In contrast, SNPs in chromosome 22 showed a neg-
ative strong and significant correlation, suggesting
a complex correlation pattern in which SNP effects
tend to cancel each other out because they go in
opposite directions (i.e., some increase risk while oth-
ers decrease risk), resulting in no significant genetic
correlation at the genome-wide level. In addition,
regional analysis and LD observations indicated that
SNPs associated with PD and depression located in
chromosome 22 are in different LD blocks. These
findings highlight the heterogeneous nature of PD and
depression, suggesting that distinct genetic variants
underlie the associations observed for each pheno-
type.

To different extents, these genes have been
described in previous studies seeking to understand
the etiology of PD, or depression. For instance,
RANGAP1 and altered nucleo-cytoplasmic transport
mechanisms have been associated with PD, depres-
sion, and other neuropsychiatric disorders [64–66]. In
particular, the misvocalization of transcription fac-
tors, such as NF-κB has been observed to increase
nuclear translocation in dopaminergic neurons in the
brains of individuals with PD [65]. Similarly, pCREB
cytoplasmic aggregates have been reported in the
substantia nigra among PD patients, and these phe-
nomena have been demonstrated to be specific to
dopaminergic neurons [65]. Therefore, our results
suggest that the dysfunction of nucleo-cytoplasmic
transport mechanisms related to RANGAP1, might be
involved to different extents in the etiology of both
depression and PD due to shared signaling pathways,
ultimately affecting dopaminergic neurons. Further
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details for the biological roles of genes identified in
the present study are summarized in Table 1.

The limitations of the present study must be
addressed. For instance, one of the pitfalls when
surveying depression is the heterogeneity of its
assessment, diagnosis, and/or classification [67].
Here, we leveraged GWAS summary data by Howard
et al. (2019), including individuals of European
ancestry with a broad definition of depression from
UK Biobank, which includes self-reports of hav-
ing received a clinical diagnosis or treatment for
depression. Moreover, as we employed data from
European-ancestry-only individuals, the generaliz-
ability of our findings must be addressed with caution
until confirmed in samples from other populations
and ethnicities.

Furthermore, the evaluation of the magnitude and
direction of effect sizes was limited to genetic variants
of nominal significance (p < 0.05) within the regions
of interest. Only one of these variants (rs5995992)
showed genome-wide significance (p < 5E–8) in the
depression GWAS, while none were genome-wide
significant in the PD GWAS. Ideally, having several
genetic variants surviving the genome-wide threshold
for both phenotypes would have given our observa-
tions more robustness. In addition, we recognize that
MR methods assume the use of non-overlapping sam-
ples between the phenotypes under study. We note
that we were unable to fulfil this assumption as both
GWAS summary statistics for PD and depression
include samples from the UK Biobank and 23andMe
participants [23, 27].

In summary, we leveraged various methods to
investigate the genetic overlap between PD and
depression. While our findings do not support a
genome-wide genetic correlation or direct causal link
between these two conditions, they emphasize the
complex nature of their association. Our results imply
that shared genomic segments are linked to distinct
genes, which participate in pathways that may con-
tribute to the etiology of PD and depression. These
findings provide insights into the complex genetic
mechanisms underlying these disorders and suggest
that genomic segments influencing both phenotypes
may play a crucial role in understanding the patho-
genesis of PD and depression.
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G, Renterı́a ME (2020) Inference of causal relationships
between sleep-related traits and 1,527 phenotypes using
genetic data. Sleep 44, zsaa154.

[38] Garcı́a-Marı́n LM, Campos AI, Martin NG, Cuéllar-Partida
G, Renterı́a ME (2021) Phenome-wide analysis highlights
putative causal relationships between self-reported migraine
and other complex traits. J Headache Pain 22, 66.

[39] Garcı́a-Marı́n LM, Campos AI, Kho P-F, Martin NG,
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